The ensuing events subsequent to cerebral cerebral blood flow in an area supplied by a blood vessel. The ischaemia are complex and multi-faceted, making it economic impact of stroke is staggering in both developed difficult to extract causal relationships between the various and developing countries. Wolfe estimated 4.5 million deaths pathways that are altered during ischaemia. In this study, a year from stroke world-wide with over nine million survivors we analyse a comprehensive DNA microarray dataset of and an overall incidence rate of 0.2 -0
I. INTRODUCTION
extensively studied using both in vitro and in vivo models to THE World Health Organisation (1998) defined severe identify possible therapeutic targets in the treatment of stroke l cerebral ischaemia (stroke) as: "a syndrome of rapidly [5] . The three major pathways in the Post Ischemic Cascade developing clinical signs of focal or global disturbance of are brought about by the interactions of numerous cellular cerebral function, with symptoms lasting 24 hours or longer or components (e.g. transcription factors, caspases) that, until leading to death, with no apparent cause other than of vascular recently, have been identified and grouped by the functional origin" 1. The underlying mechanism for stroke is ischemia roles these cellular components play in normal physiology [3] .
characterised by transient or permanent reduction in
That there is an underlying genetic basis for the altered activity of these cellular components involved in these pathways has been known for decades. What has hindered progress in elucidating the mechanism of action is a genetic basis that relates various elements within these pathways and their abnormal regulation in pathology. This is largely due to the Jay Kola is from the Cavendish School of Biosciences, University of magnitude of the changes associated with ischaemia, Westminster, London, England, UK. (e-mail: gOukl@hotmail.com [4, 5, 6, 7] . [8] . The dataset has been processed such that only genes displaying 12. Synaptic Protein Code for synaptic proteins a 2-fold change at one or more time point(s) were considered Gene to be differentially expressed. Those that met the call (267 of them) were subsequently classified into functional groups map -a standard unsupervised clustering algorithm using the using available information from the literature. Table 1 lists package freely available software package GeneCluster 2.0 the differentially expressed genes according to their particular [http://www.broad.mit.edu/cancer/software/genecluster2/gc2.ht functional grouping (from Lu et al. [8] ). As can be seen in table ml]. The distance metric employed was the time series values 1, the three major tissue damage pathways in PIC are clearly across all time points for genes selected at random (85% were identified (apoptosis, excitotoxicity -via neurotransmitter randomly selected for training). The results from the receptors, and inflammation). The first step in this work was classification process are presented in Table 2 . The data to examine the expression profile of the genes classified on a indicate that in this particular study, there is at best a 500% purely functional basis matched the expression profiles of the correspondence between genes classified functionally versus differentially expressed genes -that is the whether the classification via their temporal expression. Whether this is focused on those particular clusters, as we could in theory universally true will of course depend on the particular reduce the activity of the cluster to that of the specific phenomenon under study. This is an important observation -transcription factor contained within it. (please note that all as it indicates that a functional classification yields results clusters have more than 1 transcription factor). The assumption here is that the activation of this group of proteins eWe fondthte clusters conitta)thainwede thetwransrition factores asoiatifed areJu d imermisangtion tenranscriptiong fa nCtos(lusters20 5, 6, 7, [9] [10] [11] [12] . niWe thereforel prolteion,hi rNFILe6 an T eisoranscriptionalrpesr fatrom F higso proil, ndeac pne rprsens heprtoype(cnte lo) rduesth coplxiy f he as, akngt3eprblm o6 apoptotic pathway below, it can be seen that Bcl-x, c-jun, Figure 4 . Representation of possible gene regulatory network for MAP kinase are all involved in the apoptotic pathway. [8] .
However, on the other hand, HIF-I can also initiate apoptosis ?? ischemia by inducing high concentrations of proapoptotic proteins, such as BNIP3, and can cause stabilisation of p53 protein [9] . p53 is a well known mediator of apoptosis via Bax group of proteins as indicated in figure 3 [7] . P38 MAP kinase is a signal kinase which mediates caspase mediated apoptosis that the Immediate Early Genes (IEG) are in fact the first to along with JNK and ERP kinase [7] . It is believed that p38 respond to external stimuli and these then set off the MAP kinase is the major mediator of apoptosis acting via transcription factors which then act as third messengers in the caspase 3 and caspase 7 and its upstream kinases like MAP signalling pathway [12] . Apart from this confusion, it has been kinase kinase kinase . In fact many experimental models of shown that Fra2 (Fos related antigen 2) and jun D proteins neuroprotection have been developed using inhibitors of p38 are part of the AT-1 family of inducible transcription factors MAP kinase like SB203580, SB239063, etc.[148, 149] From [II] . The function of Fra 2 in vitro seems to be obscure and the figure 5 , it can also be seen that p38 MAP kinase also has been linked to delayed neuronal damage and also neuronal activates through Activating Transcription Factor 2 (AT2) [7] . regeneration through induction of growth factors and cytokines
The regulatory network for the genes in cluster II are . Krox 24 is also part of the AT-I family and is similar in displayed in figure 4. function to Fra and jun D proteins. They are involved in regulation of expression of late-response genes and may Hepatic Nuclear Factors are a group of transcription factors influence neuronal plasticity [13] , but it has also been that are involved in cell differentiation and embryogenesis suggested that they play a role in neuronal damage. [11] . Increased expression of HNF has been demonstrated in Specifically, it has been suggested that prolonged NGFI-A hepatic ischemia and it is believed to act in concert with HIF expression after an ischemic insult is associated with delayed and Heat Shock Proteins in protecting the cell from damage neuronal degeneration [14] .
[ [14] . These two proteins have been documented to play \ a role in T cell mediated apoptosis however their downstream targets remain elusive [15] In this work, we examined a comprehensive dataset that was The cluster presented in figure 5 presents some difficulties in used to investigate genes that are differentially expressed in generating the gene regulatory network (GRN). Since the and animal model of ischaemic stroke. Such studies by their cluster is composed predominantly of immediate early genes nature tend to produce a bewildering amount of data that and transcription factors, it becomes confusing as to which requires exacting interpretation to be useful. In general, gene is the one to be expressed earliest. In fact, some recent studies of this sort reduce the complexity by making an initial authors have classified the ANIA (activity and classification based on literature reviews of the genes neurotransmitter-induced early gene) group of genes under involved, attempting to place them into functional categories. transcription factors [11, 12] . On the same lines, it is believed This approach has become feasible with the advent of international projects such as the Human Genome Project, which has made available a wide range of genetic information. At the same time, the rather arbitrary clustering of genes based
